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FUBTUES  HTSSOOBAPHIC  IIIVI8TIOATI0V8  UT  THE  lAT  OF  FUVDT. 

B»  E.  HoRNE  CuwiE,  B.A..  Universitv  or  TiwosTi)  asd  W.  H.  Ciuse,  B.A.,  Acaua 

ITnivemity. 

.  {With  25  figure!  and  1  map.) 

During  the  sununer  of  1914  a  hydrographic  section  of  the  Bay  of  Fundy  was 
made,  a  report  of  which  appeared  in  the  ContrOivtiona  to  Canadian  Biology,  1914-1915.^ 
At  the  beginning  of  July,  1915,  it  was  Buggested  that  a  considerable  amount  of  dredf- 
ing  should  be  done  with  a  view  to  working  out  the  fauna  of  the  Bay  of  Fundy,  and  t)w 
opportunity  was  taken  to  combine  with  this  work  a  repetition  of  the  hydrographio 
observationg  made  in  the  previous  year  and  to  extend  them  over  the  greater  part  of 
the  Bay.  It  was  thus  possible  to  collect  sufficient  data  to  give  a  general  idea  of  the 
conditions  existing  in  the  water  of  this  important  and  interesting  region. 

OB8KRVATION8    MADE    AND    APPAKATl'S    EMPLOYED. 


The  work  was  carried  out  during  two  cruiser  in  the  month  of  July.  The  first  of 
these  enabled  dredging  to  be  carried  on  at  twenty-four  stations  in  St.  Mary  ba^.  Nova 
Scotia,  and  observations  to  be  taken  at  stations  I  to  IV  in  the  Bay  of  Fundy — the 
stations  which  were  established  in  1914.  The  woric  of  the  second  cruise  comprised 
dredging  at  nine  stations  in  the  Annapolis  basin  and  the  establishment  of  two  more 
cross-sections  and  a  longitudinal  section  of  the  Bay  of  Fundy. 

I '.  St.  Hary  bay  and  the  Ann.-'-H>li8  basin,  the  stations  in  which  were  numbered 
consecutively  in  Arabic  numerals,  .  '  iperatures  and  water  samples  were  taken  at  the 
surface  and  at  the  bottom  at  each  dredging  station,  largely  for  the  sake  of  the  connec- 
tion of  these  conditions  with  the  fauna  found.  At  all  the  Bay  of  Fundy  stations, 
observations  were  made  at  the  surface,  at  depths  of  6  and  10  fathoms,  and  then  at  10 
fathom  intervals  to  the  bottom.  In  the  table  of  data  the  records  for  the  bottom  have 
been  put  opposite  the  nearest  depth  in  tens  of  fathoms.  The  ejcact  depth  of  the  obser- 
vation may  be  seen  at  a  glance  from  the  record  of  "Depth"  near  the  top  of  the 
column  for  each  station.  The  hydrographic  data  obtained  in  St.  Maty  bay  and  the 
Annapolis  basin  are  tabulated  here  chiefly  in  order  that  they  may  be  accesfrible  when 
required,  though  few  deducations  can  be  made  from  them  at  present.  At  the  Bay  of 
Fundy  stations  V  to  XV,  dredge  hauls  were  taken;  and  at  these  and  the  Annapolis 
basin  stations,  surface  plankton  samples  were  also  obtained. 

The  apparatus  employed  was  the  same  as  that  used  in  1914,  and  has  been  des- 
cribed in  the  report  of  the  work  done  in  that  year.  The  temperature  of  the  air  and  of 
the  surffl^'C  water  were  taken  by  means  of  a  delicate  chemical  thermometer,  all  other 
temperatures  were  determined  by  reversing  thermometers.  The  temperatures  at  5  and 
10  fathoms  at  station  III,  and  from  10  to  40  fathoms  at  station  IV,  we«j  determined 
by  a  Negretti-Zambra  thermometer,*  all  other  temperatures  below  the  surface  by  a 
Richter  thermometer.*    The  water  samples  were  obtained  by  means  of  a  Petterssen- 

iCralsir.  B.  Home.     "  ▲.  Hydrosraphlc  Section  of  the  Bay  of  Pundjr  in  1*14." 

>  MsKnashl  pattern  frame,  Negrettt  and  Zambra  thrrmotueter  No.  170St4. 

s  I^I>oraiolr«  HydroKraphique.  Kobenhavn,  Prelslln<!.  1»14.  No.  75.  thermometer  No.  1S4. 
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DEPABTUEST  OF  IHE  yAY.KL  SERVICE 


8  QEORQE  V,  A.  18t8 
Xnnwn  wat..r.»M>ttl.-.     A  full  dcHMripti....  of  both  this  u atef-b^ttle  ...d  the  reverainr 
Uu-nnoi,    U.«  may  be  found  in  the  *K^.tion  »n  hydroRm,    io  work  in  th*  report  on  th« 
lnr«,t.Kat.on  of  the  Bay.  „f  the  Southern  Cowt  of  \,„  Brunswick  with  a  view  to 
Their  I  mi  for  Uyitter  Culture."' 

The  teinperuture.  n^.l  on  the  Richter  thermom.u.r  were  all  .orre^-t.^  for  the 
oxpanMon  of  the  M,«rcury  column  at  the  temperature  at  which  th.  readin*  wa.  made. 
..nd  the  eorrec-ted  fiKum.  were  recorded  in  the  table,  and  u.ed  in  eon.tn.rting  the 
rcniperature  cur^oB.    All  tomperaturei.  are  in  the  centinrade  ncule. 

The  densities  and  »alinitie.  «1  the  water  .ample,  were  determined  by  W.  H. 
Ch«He.  but  a»  he  wa«  calW  away  by  milit«r>-  dutie..  he  was  unfortunately  prevented 
from  .•,.mph.t..«  the  work.*  Such  di^-repanoies  betw«.n  density  and  salinity  in  ma^ 
ca«e.  were  found  ...  the  record*  that  it  was  considered  necessarj  to  repeat  the  TnK 
of  th.  samples.  a.,d  Professor  Vaehon  of  Laval  I'niversity  was  so  kind  as  to  do  th  I 
Huru.g  the  summer  of  1016.    Unfortunately.  Prof.  Vaehon  found  that  the  water  Mm' 

.ngly  Wn  regretfully  deeded  not  to  publish  the  data  for  the  Bay  of  Fundy  station! 
but  to  co,.fine  this  report  to  the  temperature  observations.     The  densitieTsal'S 

CW  wmT  TT-  1  K  '*//,""'''■?  '"^"'  '*'•  ^"y  ''••^'  "  determine.? b^wS 
Chase,  will  be  fou.id  .n  table  III  at  the  e.id  of  the  report. 


LOCATION    or    OBSERVATIOX    STATI0X8. 

I.-  wt  '^/i*'""*/J  °H  ^'l*  **"♦''""'  "e  indicated  on  the  accompanyinir  map   on 
which  the  fifty  and  hundred  fathom  lines  have  also  been  inserted,  givi^  anTdw  o£ 

of  the  witl'^^T      '\''''  T'^t'  ''"'^""^  **'^  conditions  existing  in  the  various  .irt! 

of  the  water.    In  making  the  observations,  the  stations  -ere  found  by  the  use  of  .  ijl 

Stations  I  to  IV  are  on  a  straight  line  drawn  fr.      East  Quoddy  H^d   Camn^ 

hello  island,  to  Boar's  Head,  Petit  Passage,  Long  i.lflnd,  as  follow.  2  Head.  .Campo- 

".  ""     II ^    ">'<»■    from    E:ast    Quoddy  Head. 

III'.:  ■.::::; ii    ;;    :;        ;■ 

IV : ^1    .. 

The  remaining  Bay  of  Fundy  stations  are  located  as  follows  ;- 

SUtlon       V «„  .. 

•<          VI                  "  '""*■  ^-^^  '«""  Dlgby  Out 

*  '■  S.  from  Partrldte  Island.  St.  John 

"         VII  Harbour. 

'**  "  S-  'rom  Partridge  Island.  St.  John 

••        vm  ,,  Harbour. 

*'*  "  8.  from  Partridge  IsUnd,  St.  John 

"          jj£  Harbour. 

-*  "  S.  from  Partridge  Island.  St.  John 

•<            jr  Harbour. 

..          vT "'  "  ^-   '""n  Station  VII. 

.•        -vn *  "  ^-  '''«"»>  Quaeo  Head. 

"     XIII ,31  .. 

;;    XIV 20,'    .. 

^^ 1*         "       S.E.  by  S.  from  Quaeo  Head. 

The  distances  are  measured  In  geographical  miles. 

iMavor,  Craigle,  and  Detweiler  in  "Contributions  to  Canadian  Biology,  1914-15" 
J  The  responalblUty  for  the    planning  of   the  work,  selecting  the  ataSon.    etc      resU    with 
E.  Home  Craigle,  as  does  aUo  the  recording  and  working  up  of  the  temp^ture' dlt^T  t^«. 
ob«.rv«tion«  on  density  and  .allnlty  were  ■       ..arge  of  W    H   Chaw      Th^I^o  worS^  c^lli 
borated  on  the  draft  of  the  earlier   part  ...  report,  and   on  the   preparation  ^f  th.    a^I 

panying  map  and  some  of  the  figures.    ^  ...ng  to   Mr.  Chaae'ii   departure  for  the   fro,  t   U^i 
been  necessary  to  complete  the  report  without  his  aastatanc-!  or  criticism. 
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A. — Tfr  I-  -atur    Curvet. 

Froin  tlie  forrwtwl  data  olitaiiied  iit  "  .t  station,  a  temperature  curre  haa.  been 
drawn  (Agf.  1-lA),  and  upnn  the  ba»i«  of  thete  curve*  four  protiln  have  been  con- 
ttructed  n'preaentinir  "capectively  the  three  tranavenc  acotinn*  and  one  ngitudinal 
section  of  the  Bay  of  Fundy.  The  discrepancies  in  depth  at  «onic  ictations  shown  by 
the  curves  and  profiles  are  to  be  explained  by  the  state  of  the  tide  when  the  observa- 
tions were  made.  The  bottom  confonnation  has  been  drawn  as  accurately  as  poMiible 
ivith  the  aid  of  cturta. 

If  the  data  for  stations  I  to  IV  be  compared  vrith  those  reci>rded  iu  Au^st,  1914,' 
it  will  be  observed  that,  with  the  exception  of  the  surface  temperatures  at  station*  IT 
and  IV,  all  the  readin^ts  are  considerably  lower  in  the  neMr  observations,  the  bottom 
temperatures  averaging  S.?"  lower  than  in  1014.  The  range  of  temperatures  between 
the  surface  {tnd  the  bottom  is  thus  much  greater  iu  191 '  the  difference  i  the  surface 
temperatures  being  comparatively  little.  These  diffci^m  between  the  <pcratures 
found  in  the  two  years  are  to  be  explained,  no  doubt,  by  the  fact  tliat  the  .■  observa- 
tions wete  taken  six  weeks  earlier  in  the  season  than  the  old  oi  rs,  wfiei.  cue  heating 
effect  of  the  summer  sun  and  air  had  had  less  time  to  pcn'tra^'*  to  liie  deeper  water. 
Thus  there  is  to  be  seen  a  very  rapid  fall  of  temperature  in  tb<'.  lajers  of  water  near 
the  surface  (figs.  1-4).  In  this  connection,  it  muf  i .  rcuierobct  >'  rhat  the  heat  con- 
ductivity of  sea  water  is  so  slight  as  to  be  practical  '  ^gligibie.  "  The  heat  conveyed 
by  the  sun  to  the  uppermr  water-layers  cannot  vnereforo  be  t>ropagHted  into  deep 
water  by  conduction,  but  only  through  movements  of  the  water-waves,  currents,  con- 
vection '  currents,'  etc."*  The  fact  that  the  deeper  water  is  heated  so  much  in  a  period 
of  six  weeks  must  ba  attributed  t3  the  vertical  mixing  of  the  water  by  the  great  tides 
occurring  in  this  region. 

Another  effect  of  this  vertical  mixing  by  the  strong  tidal  currents  was  referred 
to  in  the  previous  report,  namely,  the  considerable  areas  of  the  same,  or  nearly  the 
same  temperature  occurring  at  many  of  the  stations.  This  is  most  marked  in  the  case 
of  the  stations  farther  up  the  Bay,  the  temperatures  at  stations  X  to  XV  (figs.  10-15) 
inclusive  being  practically  constant  between  a  depth  of  5  fathoms  and  the  bottom. 
The  fact  that  this  uniformity  becomes  more  marked  in  the  upper  part  of  the  Bay  bean 
out  the  theory  that  the  tides  are  responsible  for  it,  the  tides  being  greatest  at  the  head 
»'i  the  Bay,  wbile  the  water  there  is  shallower,  so  that  the  tid  ^  are  likely  to  effect  a 
more  complete  mixing  of  the  mass  of  water. 

Helland-Hansen,  generalizing  upon  the  basis  of  temperature  curves  for  four  station* 
distributed  over  the  Atlantic  from  the  Faroe-Shetland  channel  to  the  Sargasso  Sea  says : 
"From  the  surface  downwards  the  temperature  falls  very  rapidly  for  the  first  hundred 
metres;  at  100  metres  it  is  4°  to  6°  colder  than  at  the  surface.  Beyond  100  metres  the 
temperature  decreases  at  first  much  more  slowly.  .  .  .  The  layers  in  which  the 
temperature  changes  very  rapidly  are  called  'discontinuity  layers'  (by  the  Americans 
'  thermocline,'  and  by  the  Germans  '  Sprungschicht')."*  The  curves  obtained  for  the 
first  four  Bay  of  Fundy  stations,  i.e.  those  nearest  the  open  Atlantic,  (figs.  1-4)  agree 
with  these  observations  to  an  extent  which  seems  little  short  of  jremarkable  in  shallow 
and  enclosed  water,  especially  where  conditions  are  so  peculiar  as  they  are  in  the  Bay  of 
Fundy.  Indeed  it  would  hardly  seem  justifiable  to  consider  the  ?  f  i«spondence  as  more 
than  a  matter  of  chance  were  it  not  for  the  fact  that  it  appears  even  more  clearly  in  the 
curves  for  the  same  stations  in  August,  1914.    The  comparison  is  made  particularly  apt 

iCralgle,  EX  Home.  "A  Hydrocniphtc  Section  of  the  Bay  of  Fundy  in  ltl4."  Oontrl- 
butlona  to  Canadian  Blolosy.  Itl4-1916. 

>  Helland-Hansen  In  "  The  Depths  of  the  Ocean,"  by  Sir  John  Murray  and  Dr.  Johan  HJort, 
p.  22e. 

I "  The  Depths  of  the  Ocean,"  p.  Hi. 
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).y  the  fact  that  Helland-Hansen's  observations  were  made  between  June  24  and 
August  10— at  practically  the  same  tim«  of  year  as  our  own  work. 

While  the  density  and  salinity  records  are  not  beinj?  included  in  this  report,  for  the 
reasons  explained  above,  it  is  perhaps  worth  while  remarking  in  this  connection  thjit 
the  observed  densities  also  correspond  rather  closeb'  with  the  records  obtained  in  the  rart 
of  the  open  Atlantic  near  Nova  Scotia  by  the  Challenger  expedition  in  May  1873  The 
surface  densities  for  the  Challenger  stations  49  and  50  are,  respectively,  1.02364  and 
imM,  the  bottom  readings  for  the  same  stations  being  1.02400  and  1.02546  The 
deptli  at  station  40  was  only  85  fathoms,  that  at  station  50  was  1,250  fathoms.» 

Tlic  surface  and  bottom  densities  found  at  our  stations  I  to  IV  were:— 


station — 
Surface . 
Bottom . 


I. 
10242 
10246 


II. 
10240 
10260 


III. 
10239 
102S2 


IV 

10246 
10252 


XmtZlrJT^^^^^'^^rV^^  ^"^  ^""^  f««"  10^38  (stations  VI  and 
,  J.;i  ?    ^      (^t&iiovL  XIII).    The  bottom  densities  ran  from  10244  (station  X)  to 

Bay  of  Fmdy  corresponds  quite  closelv  with  that  of  the  neighbouring  part  of  the 

f  K    .!'u""''^  ""u^'  r  ''°"''*'  *•>''  ^•«"""8l>  ">**'"'«  brought  about  by  the  tiis  is 
to  be  held  responsiWe  for  this,  as  it  seems  improbable  that  evaporation  f„  the  Bay  o 
i  undy  IS  nearly  sufficient  to  counterbalance  the  influx  of  fresh  water 
^       Helland-Hansen  remarks  that  the  high  surface  temperature  shown  by  his  curves 
IS  principally  due  to  the  absorption  of  heat  rays  from  the  sun.    In  places  the  water 
IS  heated  by  contact  with  warm  air,  but  this  source  of  heat  is  of  less  importance,  the 
temperature  of  the  surface  water  being,  as  a  rule,  higher  than  the  temperature  of  the 
mr.         He  makes  no  mention  of  the  time  of  day  at  which  his  readings  were  made, 
which,  of  course,  would  greatly  affect  the  air  temperature-unless  he  refers  to  the  mean 
air  temperature  of  the  day.    All  our  observations,  practically,  were  made  in  daylight 
and  m  no  case  was  the  air  less  than  2.2"  warmer  than  the  surface  water,  while  in  most 
H^nln^  H  '  considerably  more.    It  may  be  noted  in  passing  that  although  three  of 
Helknd-Hansen  s  four  stations  mentioned  .Hove  are  farther  north  than  the  Bay  of 

Si  £;!!lif  1  ^'  f  ^  -'",!•'?  ""P^o"  ^""°*''^'  '  '«  '<'*■«»*  «»'*»««  temperature  (that  in 
otLf  H  .\  R  '^.T"l^  '*  13»C.-more  tha  •  1=  higher  than  the  highest  reading 
obtained  in  the  Bay  of  Fundy.  In  looking  over  t).e  records  of  the  Challenger  observa^ 
tions'  in  July.  18,3  it  is  found  that  at  6  a.m.  or  the  16th  of  the  month  the  air  tem- 
perature was  «e  nnich  as  3=F.  below  that  of  the  surface  water  in  the  hartour  of  MadeT«  • 
but  in  the  majority  of  cases  the  air  was  warmer  tlian  the  surface  water.  On  the  15th 
the  mean  air  temperature  was  0.1°  F.  less  than  vhe  mean  surface  water  temperature, 

?n  M?    ilrf  \''  Tnf/-  ^''''  '^"^  *"•''*  «="**  "«  considerably  in  the  TinoritJ. 
-aI^'  ^^^  Challenger  was  in  this  p.'.rt  of  the  Atlantic,  only  in  a  few  cases 

again  did  the  water  temperature  exceed  the  air  temperature;  and  in  no  case  was  the 
mean  surfac-e  water  temperature  for  the  day  uigher  than  the  mean  air  temperature, 
until  the  22nd  of  the  month,  when  the  ship  bad  gone  south  to  about  the  40th  parallel 
of  north  latitude. 

The  temperature  curves  for  stations  I  .o  IV  do  not  show  so  clearly  as  did  those 
of  1914  the  resembUnce  between  stations  II,  III.  and  IV,  and  the  distinct  difference 
from  these  of  station  I.  The  curve  for  stp.tion  I  shows  a  peculiar  rise  in  temperature 
between  40  ai:d  .0  fathoms.    A  similar,  t'ough  smaller  rise  occurs  at  the  same  depth 


durln/fh!ryea7sm3%T''"''B'lTv''B°' ;?'*"•"  "^^i"'  »>««>rved  on  board  H.M.8.  Chatlenoer 
°f  the  Vovn«  nf  H  M  a  n^  n  ^  Buchanan,  pp.  14  and  18.  Report  on  the  Sclentlftc  Results 
•r  the  Vo>aKe  of  H.M.8.  Challenger,  Phys.  f.id  Chem.,  Vol    I  «*«>»uii.» 

3  "M-f  '^'^"'f  °,'  ^1*  0«~"'"  P-  223.     (  .he  Italics  are  due  to  the  present  writer.) 
3     Meteorological  Observations  made  di.Hng    the  voyage    ot    H.MS     CAaHenfler    187S  7«  ■• 
Report  on  the  Scientlflc  Results  of  the  Voyr„,e  of  HM.S.  cL(»r~,,er.  Narratfve    Vol'l/  i^^^^^ 
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in  station  II  and  ii  represented  in  station  III  also,  at  a  somewhat  deeper  point.  This 
is  evidently  the  eflFect  of  some  current  and  its  occurrence  both  in  the  Grand  Manan 
Channel  (station  I)  and  at  the  two  neighbouring  stations  in  the  open  Bay  would 
seem  to  suggest  that  it  is  tidal.  It  is  to  be  regretted  that  there  was  not  an  opportunity 
to  make  further  observations  with  a  view  to  elucidating  this  matter. 

It  may  be  noted  that  in  1914  a  similar,  though  smaller  rise  in  temperature  occurred 
at  a  depth  of  60  fathoms  at  station  II  with  the  tide  two-thirds  flood,  while  in  the  present 
case  it  was  one-half  flood  at  the  same  station.  At  station  I,  where  the  irregularity  i« 
most  marked,  the  tide  was  flood,  while  at  the  same  station  in  1914  no  such  irregularity 
was  found  with  the  tide  one-third  flood.  Thus  from  the  present  limited  data  there  is  no 
indication  that  this  condition  occurs  regularly  at  any  particular  state  of  the  tide.  A 
similar  rise  is  to  be  seen  at  a  depth  of  20  fathoms  at  station  IX  (fig.  9). 

B.    Profilen. 


The  profile  for  the  section  from  East  Quoddy  Head  t<.  ^t'.'  Passage  (fig.  16) 
shows  no  marked  disagreement  with  that  obtained  in  1914.  ..  cold  water  along  the 
slope  from  Grand  Manan  found  in  1914  does  not  appear  in  tne  n^-w  section.  As  before, 
the  temperatures  tend  to  be  a  little  higher  on  the  Nova  Scotia  side  of  the  bay  than  on 
the  New  Brunswick  side.*  The  irregularities  showing  in  the  graphs,  which  were  dis- 
cussed in  the  previous  section  are  not  represented  in  the  profile. 

The  water  below  6°C.  occupying  most  of  this  p.ofile  does  not  appear  in  that  of  the 
St.  John  to  Digby  8e<tion  (fig.  17),  and  a  similar  position  but  less  space  is  occupied 
by  the  water  between  6.38°  and  7°.  The  tendency  of  the  water  towards  the  Nova  Scotia 
side  to  be  warmer  does  not  appear  in  this  section. 

The  profile  from  Quaco  Head  to  Port  Lome  (fig  18),  shows  that  the  water  below  7" 
has  disappeared,  and  its  place,  though  much  less  space,  is  taken  by  water  between  7.9' 
and  8°.  From  these  three  profiles  it  is  easy  to  picture  each  successive  layer  of  cold 
water  running  up  the  bay  and  gradually  diminishing  in  extent  until  it  finally  dis- 
appears, its  place  being  taken  by  the  next  layer.  Of  course,  these  remarks  are  not  to 
be  taken  as  meaning  that  the  water  is  believed  to  be  actually  divided  into  distinct  layers 
behaving  thus. 

The  longitudinal  section  from  Cape  Chignecto  to  station  III  (fig.  19)  shows  that 
the  layers  do  not  simply  taper  and  fade  away,  but  end  rather  suddenly,  clearly  sug- 
gesting that  the  water  flows  up  the  bay  and  the  lower  layers  are  continually  retarded 
by  friction  with  the  bottom,  though  this  appearance  is  probably  due  to  tidal  action. 
A  peculiar  condition  appears  between  stations  VII,  X,  and  XII.  The  presence  of 
warmer  water  at  station  VII  might  be  attributed  to  warm  water  coming  in  from  the 
Atlantic  surface,  passing  along-  the  south  shore,  and  turning  north  about  this  region 
(see  fig.  20),  but  the  source  of  the  cold  water  at  station  X  is  not  so  clear.  It  seems 
possible  that  as  the  warm  surface  water  is  turned  north  across  the  bay  (fig.  20)  the  cold 
water  below  goes  on  up  the  buy  and  so  comes  to  the  surface.  It  is  most  unfortunate 
that  there  was  not  time  to  make  a  complete  transverse  section  through  station  X. 
Presumably  the  oondition  will  be  due  to  tidal  action,  but  just  how  it  ia  produced  is  not 
evident  in  the  present  state  of  our  knowledge. 


1 1  am  Informed  by  Dr.  A.  G.  HunUman  that  obaervations  taken  during  the  summer  of  191S, 
nearer  the  shore  on  each  side,  showed  this  much  more  markedly,  so  that  the  Isotherms  should 
really  dip  quite  rapidly  near  the  coast  In  this  proHle.  Hta  observations  appear  to  Indicate  a 
current  entering  at  the  mouth  of  the  bay  and  passing  up  the  Nova  Scotia  side,  producing  a 
corresponding  current  In  an  outward  direction  on  the  New  Brunswick  side.  A  somewhat  similar 
condition,  with  peculiar  tidal  changes,  w..a  demonstrated  in  the  St  Croix  River  by  Cralgle  In 
1914.  (Cralcle,  B.  Horn*.  "  Hydrographlc  Investigations  In  the  8t.  Croix  River  and  Paaaama- 
(juoddy  Bay  in  1914."      Contributions  to  Canadian  Biology,  1S14.1915,) 
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C.  Horizonfal  Distribution  of  Temperature. 
In  the  hope  that  more  light  might  thereby  be  thrown  on  the  subject,  three  maps 
fc%nr  T".  r'.r''  f  "'"'"^  *'•«  distribution  of  temperature  in  the  surface  water 
(fig.  20)  and  at  depths  of  ten  fathoms  and  thirty  fathoms  respectively  (figs.  21  and  22) 
As  pointed  out  above,  figure  20  shows  an  indication  of  an  influx  of  warm  surface 
water,  which  passes  along  the  south  shore  and  then  turns  across  the  bay  (see  foot  note 
L^U  >i  M  Vv.  represents  a  current  in  this  direction,  however,  the  deeper  water 
should  be  colder  than  on  the  other  side,  as  it  must  come  in  from  the  cold  Labrador 
.urrent,  and  we  have  already  seen  that  the  result,  both  seasons  tend  rather  the  other 

Zf;  J  fii"/"!  "^  f  *  ■''  "?  '•^"  "*  '""''  "  circulation,  but  rather  combine  with  the 
four  profiles  to  indicate  a  simple  tongue  of  cold  water  up  the  middle  of  the  bay.  Tl,e 
cold  area  on  the  s1o,h>  of  Grand  Manan  in  the  1914  profile  especially  supports  this! 
There  is  nothing  at  ten  fathoms  corresponding  in  any  way  to  the  area  of  coWer  water 
appennijg  at  the  surface  of  station  X  (8-46=  surface  temperature)  and  points  ea"f  of 
L      TK*^         contormation  of  the  shore  appear  to  suggest  any  satisfactory  explana- 

r«;  t     Vi'Tti"*  *•""  ?•*  "*  "-^^  P'^''°"«  '"'*'»"  «PP*«'«  t°  ^^  the  only  one  at 
present.    The  isolated  area  of  warmer  water  east  of  Grand  Manan  (station  II)  in  fig. 
20  does  not  seem  to  be  explicable  on  the  basis  of  the  present  data  either.    The  probable 
position  of  the  10»C    isotherm  along  the  north  shore  is  indicated  by  a  br^^  Une 
although,  of  course,  there  are  not  sufficient  data  to  locate  this  properly. 

DEDUCTIOXS  FHOM  DATA  OBTAINED  IN  ST.  MABY  BAY. 

♦pn,Irr  **"'  ^l"  "'**V''^  '"  ^*-  ^V  ^"^  ^**"^  ">  «  P'«»  '•f  the  distribution  of 
temperature  m  the  surface  water  of  that  bay  has  been  drawn  (fig.  23).  It  shows  a 
rather  uniform^  arrangement  with  gradually  increasing  temperature  as  one  passes  up 
I  c..ti  !         Petit  Passage  the  shape  of  the  isotherms  suggesting  that  there  may  bS 

P^^fTL^  T  '«  7'*^  l"*^"'*  ^""^"*  *'»''"  ♦•'^  °»'«l*'l^-  Immediately  below 
Petit  Passage  the  effects  of  the  tremendous  tidal  currents  through  that  channel  are 
visible,  producing  a  rather  complicated  arrangement  of  the  isotherms,  due  apparently 
to  several  interfering  cross-currents.  The  arrangements  of  the  water  must,  of  cours? 
™3  Z"l  f  ^«*'^- «t  d-ff^'^^-t  states  of  the  tide  and  the  fact  that  all  the  observation; 
must  be  taken  at  different  times  makes  it  improbable  that  the  diagram  represents  such 
a  condition  as  ever  exists  at  any  one  time.  represents  sucn 

tnHin^!!^''.^"  '!"'^''^^^°'^u  ^^'J''  "''°  ***  •"^^"''•^  "  *J'««'«™  representing  a  longi- 
tudinal section  of  St.  Mary  bay  (fig.  24),  although  it  must  be  fully  recognized  tifat 
such  a  profile,  constructed  from  temperature  data  taken  at  the  surface  andX  bottom 
only,  18  of  a  very  tentative  nature.  The  figure  shows  gradual  and  apparently  rathe^ 
unifom  rise  of  temperature  as  one  passes  up  the  bay.  just  such  as  migS  be  expSed 
the  colder  area  at  the  surface  of  station  15  being  the  only  indication  of  the  crSrcS: 

r^^i.7T^^Vi^  '"^r"  '*'"'^"™  ^^^-  23)-  ^o  doubt  if  temperatures  It  Lter- 
mediate  depths  had  been  taken,  more  might  have  been  seen.  The  rektions  of  the  S 
water  appearing  at  the  bottom  of  stations  13  and  15  are  shown  by  fig.  26,  which  re^e^ 

Tfig  "24"lt  i""'  ':n  S-  '''^'"'"  ^^''^■°"  ''  ^°'"^^''«*  farther  west  tSithX 
in  fig  24.  It  ,s  seen  that  this  cooler  water  is  spread  out  sideways  from  a  layer  which 
probably  approaches  the  surface  about  the  mouth  of  the  bay,  and  occupies  alLrt  £ 
whole  depth  at  station  22.  It  will  be  noted  that,  the  bay  being  rather  Suow  through- 
out, the  temperatures  are  all  comparatively  high.  mrougn- 
The  bottom  temperatures  in  the  Annapolis  basin  (stations  26-33.  table  II)  are 
peculiar  in  being  much  lower  in  many  cases  (especially  station  31)  than  any  iatl^ 
entering  from  the  river  (station  33)  or  any  present  in  Digby  Gut  (station  25) 

SUMMARY. 

ThJ}"'^-  '^\"^  Observations  is  a  continuation  and  extension  of  that  made  in  1914 
The  stations  have  been  selected  in  such  a  way  a«  to  form  three  transverse  sections  and 
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one  longitudinal  section  of  the  bay  of  Fundy,  thus  making  it  possible  to  get  a  fairly 
clear  idea  of  the  temperature  distribution  in  this  interesting  body  of  water  by  exam- 
ining the  profiles  constructed  and  the  accompanying  diagrams  showing  the  horizontal 
distribution  of  temperature  at  tlie  shallower-levels. 

The  observations  made  at  the  stations  where  work  was  carried  on  in  1914  show 
little  difference  in  surface  temperature,  but  markedly  colder  water  below.  The  fact 
that  a  seasonal  difference  of  only  six  weeks  makes  such  a  great  difference  in  the  tem- 
perature of  the  deep  water  shows  how  great  is  the  effect  of  vertical  mixing  due  to  the 
very  great  tides.  This  effect  is  also  seen  in  the  large  areas  of  very  uniform  tempera- 
ture found  in  both  years. 

The  results  obtained  at  stations  near  the  mouth  of  the  bay  show  an  interesting 
agreement  with  observations  made  by  Helland-Hansen  in  the  open  Atlantic.  The  state- 
ment of  this  investigator  that  the  temperature  of  the  surface  water  is,  as  a  rule,  higher 
than. the  air  temperature  is  not  borne  out  by  the  Bay  of  Fundy  observations,  nor  by 
those  of  the  Challenger  expedition  in  this  region  of  the  Atlantic. 

A  slight  rise  of  temperature  at  an  intermediate  depth,  seen  in  three  stations  near 
the  mouth  of  the  bay,  gives  evidence  of  deep  currents,  but  no  data  are  available  from 
which  definite  information  conceriiing  these  can  be  obtained. 

There  is  a  clear  indication  that  the  water  on  the  Nova  Scotia  side  of  the  lower 
part  of  the  bay  is,  on  the  whole,  warmer  than  on  the  New  Brunswick  side,  and  the 
plan  of  the  surface  temperatures  suggests  a  current  of  warm  surface  water  from  the 
Atlantic  flowing  in  along  the  south  shore  and  then  turning  north  about  half  way  up 
the  bay,  so  that  its  influence  is  not  visible  in  the  higher  profiles.  All  the  other  evidence, 
however,  indicates  a  simple  tongue  of  cold  water  up  the  middle  of  the  bay. 

Several  points  with  regard  to  the  surface  temperatures  remain  unexplained. 

The  plan  of  distribution  of  temperature  in  the  surface  water  of  St.  Mary  bay 
shows  a  rather  uniform  increase  of  temperature  in  the  upper  part  of  the  bay,  with 
indications  of  certain  currents  and  tidal  disturbances.  The  longitudinal  profile,  which 
is  based  upon  insufficient  data,  gives  no  suggestion  of  any  peculiar  or  striking  condi- 
tions. 

In  conclusion,  it  remains  only  to  express  our  indebtedness  to  Dr.  Philip  Cox,  who 
accompanied  us  on  both  cruises,  and  Mr.  J.  R.  McMurrich,  who  joined  the  party  on 
the  second,  as  well  as  to  Dr.  A.  B.  Macallum,  Dr.  C.  C.  Benson,  and  Dr.  A.  G.  Hunts- 
man for  valuable  assistance  and  criticism.  We  are  also  deeply  indebted  to  Professor 
Vachon,  Laval  University,  for  the  trouble  he  took  in  re-titrating  the  water  samples. 
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Table  III.— Specific  Gravity.  Chlorine  Content,  and  Salinity  of  Water  Samples  from 
Bottom  of  St.  Mary  Bay  Stations  in  1915. 
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'  J  r  *^f  *;*y  °^  ^"""^  ^a*«  ««mple  was  determined  at  room  temperature  by  means 
r_.  a  delicate  hydrometer,  and  corrected  to  read  at  15.66°  C.  by  Buchanan's  Diagram.* 
Ihe  methods  of  analysis  and  of  calculating  the  salinity  were  those  of  Dittmar* 
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Figs.   1-4.  Ttmperature  curves  for  stations  I.  to  IV.  respectirely. 
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Fig.  12 
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Fig.  15. 

Figs.  11-16.  Temperature  curves  for  stations  XI.  to  XV.  respectively. 
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Fig.  18. 


Fig.  19. 
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Fi)rs.  10.  Isothermnl  pnifilc  for  section  of  Bay  of  Fundy  from  East  Quoddj'  Honil  to 

Petit  Passajro. 
"     17.  iRothermal  profile  for  section  of  Bay  of  Fundy  from  St.  John  to  Digby. 
"     18.  Tsotlu^nnal  pnifile  for  section  of  Bay  of  Fundy  from  Quac-o  Ilond  to  Port 

Lorno. 
"    in.  Isothermal   profile   for  longitudinal    section   of  Bay  of  Fundy  from   Capo 

OhiKiicctfl  tfl  station  TIT. 


Fig.  20. 

FiRs.  20.  The  Bay  of  Fundy,  showing  teniiwratures  of  the  surface  water. 
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Fig.  21. 


Figs.  21.  The  Bay  of  1-uiidy,  shoviMp  t<'inp<*ratures  of  the  water  at  a  depth  of  10 

fathoms. 
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Figs.  ■2-2.  The  Bay  of  Fundy,  showing  temperatures  of  the  water  at  a  depth  of  30 

fathoms. 


Fig.  23. 

Figs.  23.  St.  Mary  Bay,  showing  temperatures  of  the  surface  water. 
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Fig.25. 


Fi}:>.  21  \-  zi.'i.  I,i)tigitii(liii;il  isotliiiiiiiil  prnlilu  ■)£  St.  Murj    Buy. 
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STATIONS  of  1915. 


